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GAS-ABSORBING SUBSTANCE,
GAS-ABSORBING ALLOY AND

GAS-ABSORBING MATERIAL

DETAILED DESCRIPTION OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to a gas-absorbing substance,
a gas-absorbing alloy and a gas-absorbing material contain-
ing the gas-absorbing substance and/or the gas-absorbing
alloy (heremafter, collectively referred to as “gas-absorbing
substance etc.”).

2. Background Art

The gas-absorbing substance etc. are used 1n various fields
such as maintaining vacuum, eliminating trace gases 1n a rare
gas and removing gases from a fluorescent lamp.

With respect to rare gases used 1n the semiconductor manu-
facturing industry, there have been strong demands for
removing gases, such as nitrogen, hydrocarbons, carbon
monoxide, carbon dioxide, oxygen, hydrogen and water
vapor, {rom a rare gas so as to be purified with high purity. In
particular, among these, 1t 1s difficult to remove nitrogen that
has the most stable molecule.

With respect to the conventional method of eliminating
nitrogen or hydrocarbons in a rare gas, for example, a method
in which a getter material, made of a ternary alloy constituted
by zirconium, vanadium and tungsten, and the rare gas are
allowed to contact with each other under heat has been pro-
posed (for example, see Patent Document 1).

In this method, the alloy 1s made 1n contact with a rare gas
at a temperature 1 a range from 100 to 600° C. so that
impurities such as nitrogen are removed from the rare gas.

With respect to another conventional method, a method has
been proposed 1n which a non-evaporation getter alloy that
contains zirconium, iron, manganese, yttrium, lanthanum and
at least one element selected {from a rare-earth element, and
has a high gas-absorbing rate on nitrogen i1s used (for
example, see Patent Document 2).

In this method, the alloy 1s subjected to an activating pro-
cess for 10 to 20 minutes at a temperature 1n a range from 300
to S00° C. so that 1t 1s allowed to absorb hydrogen, hydrocar-
bons, nitrogen and the like even at room temperature.

In still another conventional method, a Ba—1I.1 alloy hav-
ing a property for absorbing nitrogen at a low temperature 1s
used (for example, see Patent Document 3).

This method relates to a device used for maintaining a
vacuum 1nside a heat-insulating jacket, which contains a
Ba—1I.1alloy and exerts a reactivity on gases such as nitrogen
even at room temperature.

This utilizes a nitrogen absorbing reaction by Ba, and 1t 1s
described that Na or K other than L1 may also be used without
causing any problem.

A material constituted by 1ron powder, an oxidization
accelerating substance, a filler and a moisture donor1s used as
an oxygen absorbing agent (for example, see Patent Docu-
ment 4).

This oxygen absorbing agent 1s utilized for a quality-main-
taining purpose 1n foodstutls, medical products and the like,
and moisture 1s required upon absorbing oxygen.

| Patent Document 1] Japanese Patent Application Laid-Open
No. 6-135707

|Patent Document 2] Japanese Patent Application National
Publication (Laid-Open) No. 2003-535218

| Patent Document 3| Japanese Patent No. 2627703

| Patent Document 4| Japanese Patent No. 3252866
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2
DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

In the above-mentioned conventional technique 1n Patent
Document 1, however, 1t 1s necessary to continuously heat at
300 to 500° C., with the result that the high-temperature
heating process causes greater energy costs with adverse
eifects to the environment, and this technique cannot be

applied when a gas-absorbing process at a low temperature 1s
desired.

In the above-mentioned technique in Patent Document 2, a
preprocess to be carried out at a temperature 1n a range from
300 to 3500° C. 1s required, and this process 1s hardly appli-
cable to a gas-removing operation 1n which a high-tempera-
ture preprocess 1s unavailable, for example, an operation 1n
which gases 1n a plastic bag need to be removed at normal
temperature.

In the above-mentioned conventional technique 1n Patent
Document 3, although a nitrogen-absorbing process at nor-
mal temperature 1s available without the necessity of a heat-
ing process for activation, there are demands for a higher
activity with a larger capacity, and since Ba 1s a highly poi-
sonous designation substance, a safer substance without
causing any problems in the environment and the human body
1s desired upon 1ndustrial application.

Moreover, upon manufacturing, the alloy needs to be tused
consequently to require greater energy in the production pro-
CEess.

In the above-mentioned conventional technique 1n Patent
Document 4, moisture 1s required upon absorbing oxygen,

with the result that it 1s not used 1n an atmosphere 1n which
even trace moisture 1s 1hibited.

The present invention has been made so as to solve the
above-mentioned conventional problems, and 1ts objective 1s
to provide a gas-absorbing substance that have a high gas-
absorbing activity and, in particular, exerts a high absorbing
function on nitrogen and/or oxygen so that nitrogen and/or
oxygen can be absorbed at normal temperature under normal
pressure, or even at normal temperature under a reduced
pressure.

Another objective of the present invention 1s to provide a
gas-absorbing substance etc. that cause no problems on the
environment and the human body.

Means to Solve the Problems

In order to achieve the above-mentioned objective, the
present invention provides a gas-absorbing substance that
contains at least L1 and a solid matenial having a hardness of
5 or more and absorbs at least nitrogen or oxygen at 25° C.
under normal pressure, a gas-absorbing alloy which 1s con-
stituted by at least two kinds of metals that are not allowed to
mutually form an intermetallic compound, with a mixing
enthalpy of the two kinds of metals being greater than 0 and at
least one portion of the two kinds of metals being atomically
mixed with each other, and a gas-absorbing material that
contains the above-mentioned gas-absorbing substance and
the gas-absorbing alloy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A schematic block diagram that shows an absorp-
tion evaluating device that 1s used for evaluating absorbing
characteristics of a gas-absorbing substance in accordance
with an embodiment of the present invention.
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FIG. 2 A characteristic drawing that shows absorbing char-
acteristics on nitrogen that 1s exerted by a gas-absorbing

substance when nitrogen 1s 1njected to a sample tube so as to
be set to about 80000 Pa therein in Example I-1 of the present
invention.

FI1G. 3 A characteristic drawing that shows absorbing char-
acteristics on mitrogen that 1s exerted by a gas-absorbing when
nitrogen 1s 1jected to a sample tube so as to be set to about
60000 Pa therein and absorbing characteristics on oxygen
that 1s exerted by a gas-absorbing substance when oxygen 1s
injected to a sample tube so as to be set to about 60000 Pa, 1n
Example I-2 of the present invention.

FIG. 4 A 1s a characteristic drawing that shows absorbing,
characteristics on air that 1s exerted by a gas-absorbing sub-
stance when ambient air 1s injected to a sample tube so as to
be set to about 35000 Pa therein in Example I-2 of the present
invention.

FI1G. 5 A characteristic drawing that shows absorbing char-
acteristics on nitrogen that 1s exerted by a gas-absorbing
substance when nitrogen 1s 1njected to a sample tube so as to
be set to about 60000 Pa therein in Example I-3 of the present
invention.

FIG. 6 A characteristic drawing that shows absorbing char-
acteristics on a mixed air that 1s exerted by a gas-absorbing
substance when a mixed air composed of about 80% of nitro-
gen and about 20% of oxygen 1s mjected to a sample tube so
as to be set to about 65000 Pa therein 1n Example 1-3 of the
present invention.

FI1G. 7 A characteristic drawing that shows absorbing char-
acteristics on nitrogen that 1s exerted by a gas-absorbing
substance when nitrogen 1s 1njected to a sample tube so as to
be set to about 310 Pa therein 1n Example I-3 of the present
ivention.

FI1G. 8 A characteristic drawing that shows absorbing char-
acteristics on nitrogen that 1s exerted by a gas-absorbing
substance when nitrogen 1s 1njected to a sample tube so as to
be set to about 96000 Pa therein in Example I-4 of the present
invention.

FIG. 9 Mg—T1 phase diagram.

FIG. 10 L1i—Fe phase diagram.

FIG. 11 N1—T1 phase diagram.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

First, the following description will discuss the gas-absorb-
ing substance that contains at least L1 and a solid material
having a hardness of 5 or more and absorbs at least nitrogen or
oxygen at 25° C. under normal pressure.

L1 normally becomes 1nactive because of the formation of
a coat film on the surface, or the like, and 1s not allowed to
absorb nitrogen or oxygen.

However, the hardness of L1 1s 0.6 and a solid material
having a hardness of 5 or more 1s made to coexist therewith.
The solid material mills L1 so that the surface of L1 1s shaved
and allowed to have a newly formed active surface. Therelore,
it becomes possible to absorb nitrogen and/or oxygen quickly
at normal temperature.

The gas-absorption substance of the present invention 1s
preferably designed so that the solid material 1s an oxide, or
contains at least an oxide.

The use of an oxide allows oxygen on the surface of the
oxide to spuriously form a temporary coupling with L1; there-
fore, upon conducting, for example, a pulverizing process or
a compression-joining process, L1 1s also effectively pulver-
1zed together with the oxide pulverized so that it 1s considered
that L1 1s activated.
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In the gas-absorbing substance of the present invention, at
least one portion of L1 1s preferably made to have a particle
size of 1 mm or less.

By setting the particle size to 1 mm or less, not only the
outer layer of L1, but also the imnside of L1 1s made susceptible
to nitriding or oxidizing so that the amount of gas absorption
per L1 increases, making 1t possible to effectively utilize the
material.

In the gas-absorbing substance of the present invention, at
least L1 and one portion of the solid material are preferably
atomically mixed with each other.

It 1s considered that L1 and one portion of the solid material
are made compatible with each other so that the interface
increases and the activity 1s consequently improved.

The gas-absorbing substance of the present mvention 1s
preferably designed so that at least L1 and the solid material
are mixed through a mechanical alloying process.

By carrying out the mechanical alloying process, L1 and the
solid material are milled and mixed with high energy so that
the grinding eflect exerted on L1 by the solid material 1s
improved, thereby increasing the effects of exposing the L1
newly-formed surface and of segmentalizing L1. Since the
solid material 1s also ground and segmentalized, L1 1s more
elfectively divided and segmentalized.

By carrying out the mechanical alloying process, mechani-
cal energy 1s accumulated 1n L1 and the solid material so that
it 1s considered that the energy possessed after the mechanical
alloying process becomes greater than the energy possessed
at the time of starting to form a higher activated state.

Since the manufacturing process through the above-men-
tioned method requires no fusing process or the like to elimi-
nate the necessity of thermal energy, the process 1s superior
from the viewpoint of environment or costs.

The gas-absorbing substance of the present mvention
makes it possible to provide an alloy that exerts a higher
absorbing activity particularly on nitrogen and/or oxygen.

The first aspect of the gas-absorbing substance of the
invention 1s characterized by containing at least L1 and a solid
material having a hardness of 5 or more and by absorbing at
least nitrogen and/or oxygen at 25° C. under normal pressure.

With respect to the solid material having a hardness of 5 or
more, examples thereot include: S1, B, ¢-C (diamond), S10.,
S1C, ¢c-BN (cubic boron nitride), Al,O;, MgO and T10.,,.

Other components may be added thereto.

Hardness here refers to 10 steps of Moh’s hardness.

With respect to the confirming method for the above-men-
tioned solid maternial, although not particularly limited, for
example, a method 1n which peaks of L1 and the solid material
are confirmed through X-ray diffraction may be used.

The content of the solid material 1s preferably setin a range
of 5 mol % or more to 95 mol % or less. The reason for this
range 1s because, when the solid material becomes 5 mol % or
less with respect to 100 mol % of the gas-absorbing sub-
stance, 1t becomes difficult to mix these elements uniformly
due to an 1ncrease of L1 having a high ductility, and because,
when 1t becomes 95 mol % or more, L1 having a higher
activity 1s reduced so that the gas-absorbing activity becomes
smaller.

The density of the solid material is preferably setto 5 g/cm”
or less. By using the solid material of this type, the density
increase 1s reduced even when the solid matenal 1s combined
with Li having the density of 0.53 g/cm”, and the amount of
nitrogen absorption per unit weight 1s increased.

Therefore, for example, even when the present gas-absorb-
ing substance 1s assembled 1n a product, the weight increase 1s
lowered, with a sullicient amount of absorption of nitrogen or
the like being maintained.
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The gas-absorbing substance of the present invention,
which makes 1t possible to absorb at least nitrogen and/or
oxygen at 25° C. under normal pressure, may absorb gases
other than nitrogen or oxygen, for example, hydrogen, water
vapor, carbon monoxide, carbon dioxide, nitrogen oxide, sul-
tur oxide and hydrocarbon. With respect to the gas other than
nitrogen or oxygen to be absorbed, no limitation 1s particu-
larly given.

With respect to the measuring method for the amount of
absorption of the present invention, not particularly limited,
known methods, such as an absorption capacity method and a
weight method, may be utilized as long as absorption of at
least nitrogen and/or oxygen 1s confirmed.

Preferably, the gas-absorbing substance of the present
invention is capable of absorbing 1 cm” or more, preferably 3
cm® or more, more preferably 5 cm” or more of nitrogen
and/or oxygen per 1 g. With respect to the measurements for
the amount of absorption, for example, a partially absorbed
gas-absorbing substance 1s taken out, while i1t 1s being
absorbed, and the amount of nitrogen absorption may be
measured on the gas-absorbing substance, or with respect to
a gas-absorbing substance one portion of which has been
absorbed or the absorption activity of which has been lost,
nitrogen 1s driven out therefrom by using a heating process or
the like so that the amount of absorption of nitrogen per 1 g
may be found based upon the amount of nitrogen and the
gas-absorbing substance after the heating process.

Absorption here includes sorption to the inside, 1n addition
to adsorption to surface.

The gas-absorbing substance 1n accordance with the
present invention 1s capable of absorbing at normal tempera-
ture or 1n an atmosphere of about 80° C. or less, under normal
pressure or less, 1n particular, under a low pressure range.

Although not particularly limited, the application mode of
the gas-absorption substance includes, for example, modes
such as powder, compression-molding, a pellet, a sheet, a
thin-film, or charging into another container and deposition
onto another substance, although the mode 1s not particularly
limited to these.

The second aspect of the gas-absorbing substance of the

present invention 1s characterized 1n that the solid material in

accordance with the first aspect contains at least an oxide.
Examples of the oxide include Al,O;, MgO, S10, and

T10,.

Alternatively, the oxide may be prepared as an oxide con-
taining three or more elements.

The third aspect of the gas-absorbing substance of the
present invention 1s characterized in that the invention relat-
ing to the first aspect or the second aspect 1s designed so that
at least one portion of L1 has a particle size of 1 mm or less.

With respect to the particle size of 1 mm or less, any
particle size may be adopted as long as one portion thereot has
a particle size of 1 mm or less, and this fact can be confirmed
by using a conventional confirming method. Not particularly
limited, the particle size prior to the gas-absorption or the
particle size after the gas-absorption may be used.

The fourth aspect of the gas-absorbing substance of the
present invention 1s characterized in that the invention relat-
ing to any of the first to the third aspects 1s designed so that at
least L1 and at least one portion of a solid material are atomi-
cally mixed.

The fact that at least one portion 1s atomically mixed refers
to a state 1n which at least one portion thereof 1s made physi-
cally mnseparable into two kinds of substances. For example,
this state refers to a mixed state of substances on atomic levels
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with respect to one portion of the interface between two kinds
of substances; however, the present invention 1s not intended
to be limited by this state.

A gas-absorbing substance in accordance with the fifth
aspect of the present invention 1s characterized in that the
invention relating to any of the first to the fourth aspects 1s
designed so that at least L1 and a solid material are mixed
through a mechanical alloying process.

The mixing process through the mechanical alloying refers
to a method of mechanical mixing, and this process 1s not
particularly limited. As a highly active gas-absorbing alloy 1s
manufactured, the mechanical alloying process 1s preferably
carried out 1n an 1nert gas, in an atmosphere such as Ar and He,
Or 1n a vacuum.

Upon carrying out the mechanical alloying process, carbon
may be added 1n a separate manner, or the process may be
carried out 1n a cooled state, or a slight amount of alcohol or
the like 1s dripped therein, so that adhesion to the container
can be prevented.

The following description will discuss the gas-absorbing
alloy that 1s characterized by being composed of at least two
kinds of metals that are not allowed to mutually form an
intermetallic compound, with a mixing enthalpy of the two
kinds of metals being greater than 0 and at least one portion of
the two kinds of metals being atomically mixed with each
other.

By using metals that are not allowed to mutually form an
intermetallic compound, with a mixing enthalpy of the two
kinds of metals being greater than 0, and normally have no
interaction, it becomes possible to improve the activity in the
metals contained therein. Therefore, the reactivity between
the metal and the gas 1s improved to provide a higher gas-
absorbing activity.

The reason for this 1s schematically explained as follows:
for example, 1n a Li—Fe based alloy, an L1 atom and an Fe
atom do not make a stable chemical coupling; therefore, when
these atoms are forcefully made adjacent with each other,
cach of the atoms has a greater reactivity to try to combine
with another third element so that the absorbing activity
becomes higher.

The two kinds of metals are mixed with each other 1n such
a degree that at least one portion thereof 1s atomically mixed
with each other; thus, the repulsive force between the metals
1s further increased, and the activity of the metals contained
therein 1s consequently improved. Therefore, the reactivity
between the metal and the gas 1s improved to provide a higher
gas-absorbing activity.

The gas-absorbing alloy of the present invention 1s prefer-
ably composed of at least L1 and a transition metal that 1s not
allowed to form an mtermetallic compound with L1, with a
mixing enthalpy of the two kinds of metals being greater than
0.

Thus, the activity of L1, which makes it possible to absorb
nitrogen, can be improved. Consequently, 1t becomes pos-
sible to provide an alloy that exerts a very high gas-absorbing
activity on nitrogen that 1s 1n general very difficult to be
absorbed.

The gas-absorbing alloy of the present invention 1s prefer-
ably formed through a mixing operation by using a mechani-
cal alloying process.

In order to form an alloy by using metals that are not
allowed to mutually form an intermetallic compound, with a
mixing enthalpy of two kinds of metals being greater than O,
so as to improve the activity, the best suited method 1s to carry
out the mixing operation by using a mechanical alloying
Process.
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The gas-absorbing alloy of the present invention, which 1s
composed of two kinds of metals that are not allowed to
mutually form an intermetallic compound, with a mixing
enthalpy ofthe two kinds of metals being greater than 0 and at
least one portion of the two kinds of metals being atomically
mixed with each other, makes it possible to provide an alloy
that exerts a very high activity on gases, such as nitrogen,
oxygen, hydrogen, carbon dioxide, carbon monoxide and
water vapor, 1n particular, on nitrogen.

The first aspect of the present invention of the gas-absorb-
ing alloy 1s characterized by being composed of at least two
kinds of metals that are not allowed to mutually form an
intermetallic compound, with a mixing enthalpy of the two
kinds of metals being greater than 0.

The alloy here refers to a substance constituted by two or
more kinds of metals.

The fact that the two metals are not allowed to form an
intermetallic compound can be confirmed, for example, by
using X-ray diffraction.

For example, one or more elements may be added thereto,
as long as at least two kinds of metals are not allowed to form
an intermetallic compound, and such one or more elements
may form compounds with the above-mentioned metals.

The fact that a mixing enthalpy 1s greater than 0 may be
confirmed, for example, by phase diagram, and, for example,
as shown 1n FIG. 9, the fact 1s confirmed by lines that are not
allowed to intersect each other even when the temperature 1s
raised to a certain degree.

Phase diagrams of kinds of metals having a mixing
enthalpy that1s O or greater include phase diagrams indicating
a non-solid solution type as shown in FI1G. 9 or a eutectic type.

With respect to gases to be absorbed, although not particu-
larly limited, examples thereof include: nitrogen, oxygen,
hydrogen, water vapor, carbon monoxide, carbon dioxide,
sulfur oxide and hydrocarbon.

Absorption here includes sorption to inside, 1n addition to
adsorption to surface.

The gas-absorbing alloy in accordance with the present
invention, which has a high activity, 1s capable of absorbing at
normal temperature or 1n an atmosphere of about 80° C. or
less, under normal pressure or less, in particular, under a low
pressure area.

The application mode of the gas-absorption alloy includes,
for example, modes such as powder, a compression-molding,
a pellet, a sheet, a thin-film, or charging into another container
and deposition onto another substance, although the mode 1s
not particularly limited to these.

The second aspect of the gas-absorbing alloy of the present
invention 1s characterized 1n that at least one portion between
the two kinds of metals 1s atomically mixed with each other.

The state 1n which at least one portion 1s atomically mixed
refers to a state 1n which the two kinds of metals cannot be
separated from each other at least at the one portion. For
example, this state refers to a mixed state of metals on atomic
levels with respect to one portion of the interface between two
kinds of metals; however, the present invention 1s not
intended to be limited by this state.

A gas-absorbing alloy 1n accordance with the third aspect
of the present invention i1s characterized by being composed
of a metal that has a mitride-formation enthalpy of smaller
than O at least at 298K and a second metal that 1s not allowed
to form an mtermetallic compound with the above-mentioned
metal, with a mixing enthalpy of the two kinds of metals being,
greater than O.

Examples of the metal having a nitride-formation enthalpy
of smaller than O include: L1, Mg, Al, Ca and Si.
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A gas-absorbing alloy 1n accordance with the fourth aspect
ol the present invention 1s characterized in that at lease one
portion between the two kinds of metals 1s atomically mixed.
The “state 1n which at least one portion 1s atomically mixed”
refers to the same state as described above.

A gas-absorbing alloy in accordance with the fifth aspect of
the present invention 1s characterized by being composed of
at least L1 and a transition metal that 1s not allowed to form an
intermetallic compound with L1, with a mixing enthalpy of
the two kinds of metals being greater than 0.

Examples of the transition metal having a mixing enthalpy
with L1 of greater than O include: Co, Cr, Cu, Fe, Hi, Mn, Mo,

Nb, N1, Ta, T1, V, W, Y and Zr.

The gas-absorbing alloy of the present invention, which
has a high activity on nitrogen, also exerts a high activity on
other gases, such as oxygen, hydrogen, water vapor, carbon
monoxide, carbon dioxide, nitrogen oxide, sulfur oxide and
hydrocarbon.

The content of the transition metal 1s preferably set 1n a
range from 5 mol % or more to 95 mol % or less.

When the content of the transition metal becomes 5 mol %
or less with respect to 100 mol % of the alloy, 1t becomes
difficult to mix the transition metal with L1 uniformly due to
an increase of L1 having a high ductility, and when 1t becomes
95 mol % or more, L1 having a higher activity 1s reduced so
that the gas-absorbing activity becomes smaller.

A gas-absorbing alloy in accordance with the sixth aspect
of the present 1nvention 1s characterized in that at least one
portion between the two kinds of metals 1s atomically mixed.
The “state 1n which at least one portion 1s atomically mixed”
refers to the same state as described above.

A gas-absorbing alloy in accordance with the seventh
aspect of the present invention 1s characterized 1n that at least
two kinds of metals relating to the first to sixth aspects of the
present 1nvention are mixed through a mechanical alloying
Process.

The mixing process through the mechanical alloying refers
to a method of mechanical mixing, and this process 1s not
particularly limited. As a highly active gas-absorbing alloy 1s
manufactured, the mechanical alloying process 1s preferably
carried outin an 1nert gas, for example, 1n an atmosphere such
as Ar and He.

The present invention provides a gas-absorbing material
containing the gas-absorbing alloy and a gas-absorbing sub-
stance.

In this manner, by combiming the gas-absorbing alloy and
the gas-absorbing substance of the present invention that have
different gas-absorbing activities, with each other, the one
that exerts a higher activity 1s allowed to quickly absorb the
gas immediately after exposure to the gas to be absorbed,
while the other that exerts a lower activity thereon 1s allowed
to absorb the gas more slowly; thus, 1t becomes possible to
obtain a gas-absorbing material that 1s superior 1 quick-
acting function as well as in maintaining the absorbing activ-
ty.

A gas-absorbing agent containing the gas-absorbing alloy
and the gas-absorbing substance can be manufactured
through various methods, such as a method in which the
former and the latter are mixed at once, or a method 1n which
the former gas-absorbing alloy and the gas-absorbing sub-
stance, which have been preliminanly formed separately, are
used 1n the same atmosphere, or a method in which those
having been formed separately are then mixed or the mixture
thereol 1s compression-molded, or a method in which those
are respectively pelletized and used 1n the same atmosphere,
or a method 1n which either one of them 1s coated with the
other.
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The absorbing material 1n accordance with the present
invention, which has a high activity, 1s capable of absorbing at
normal temperature or in an atmosphere of about 80° C. or
less, under normal pressure or less, in particular, under a low
pressure area.

The following description will discuss Embodiments of the
present invention. The present invention 1s not intended to be
limited by these Embodiments.

EXAMPLE 1

Embodiment 1
(as-Absorbing Substance

A gas-absorbing substance 1n accordance with the present
invention 1s composed ol two kinds of substances, that 1s, L1

and a solid material. The solid material 1s prepared as a
material that causes no problems on the environment, etc.

(Gas-absorbing substances were prepared by changing the
kinds of the solid materials, and evaluated on nitrogen, oxy-
gen and air absorbing processes, and the results thereof are
shown 1n Examples I-1 to I-3.

EXAMPLE I-1

S1 was used as a solid maternial. L1 (1 mole) and S1 (5 moles)
were mixed through a mechanical alloying process by using a
planetary ball mill 1n which stainless balls were used, 1n an Ar
atmosphere so that a gas-absorbing substance (LL1—S1) was
obtained. The hardness of S1 15 6.5, and the density 1s 2.3
g/cm’.

By mixing through the mechanical alloying process, the
two kinds of substances are mixed on nano-levels at the
interface thereof; thus, it 1s considered that the two kinds of
substances are atomically mixed at the interface thereof.

It was confirmed that at least one portion of L1 was formed
into particles of 1 mm or less.

The absorbing characteristic of the gas-absorbing sub-
stance (L1—=S1) 1n an Ar atmosphere was evaluated by using
an absorption-material-evaluating device 1 shown 1n FIG. 1.

In the absorption-material-evaluation-device 1, a gas cyl-
inder 4 1s connected to a gas-supply unit 8 having a predeter-
mined capacity through a first valve 5 and a vacuum pump 6
1s also connected thereto through a second valve 7. The gas-
supply unit 8 1s also connected to a sample tube 3 through a
third valve 9. A pressure gauge 10 1s connected to the sample
tube 3. The gas supply unit 8 1s detachably attached to the
third valve 9.

First, a gas-absorbing substance 2 was tightly enclosed in
the sample tube 3 (not shown) that was 1n a detached state in
an Ar atmosphere, and connected to the gas supply unit 8 with
the third valve 9 closed.

With the first valve 5 closed, the second valve 7 was opened
and the third valve 9 was then opened so that the inside of the
system was evacuated into vacuum. Thereafter, when the
inside of the system had been set to a sulficiently low pres-
sure, the third valve 9 and the second valve 7 were closed,
with the first valve 5 being opened so that gas 1s directed to the
gas supply unit 8 from the gas cylinder 4 so as to set the inside
of the sample tube 3 to a predetermined pressure, and the first
valve 5 was closed. Then, the third valve 9 was opened, and
the gas-absorbing substance 2 was exposed to the gas so that
the gas-absorbing characteristic was evaluated.

FIG. 2 shows a relationship between time and pressure
variation when nitrogen was introduced so that the 1nside of
the sample tube was set to about 80000 Pa.
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As shown 1n FIG. 2, the pressure became virtually 0 Pa 1n
about 40 minutes.

EXAMPL.

T

[-2

Al,O, was used as a solid material. L1 (1 mole) and Al,O,
(1.1 moles) were mixed through a mechanical alloying pro-
cess by using a vibration ball mill 1n which stainless balls
were used, 1n an Ar atmosphere so that a gas-absorbing sub-
stance (L1—Al,O;) was obtained. The hardness o1 Al,O5 15 9,
and the density is 3.97 g/cm”.

It was confirmed that at least one portion of L1 was formed
into particles of 1 mm or less.

The gas-absorbing substance (L1—Al,O,) was tightly
enclosed in the sample tube 3 1 an Ar atmosphere, and
evaluated on 1ts absorbing characteristic by using the absorp-
tion material evaluation device 1 1n the same manner as
Example I-1.

FIG. 3 shows a relationship between time and pressure
variation when nitrogen was introduced so that the mside of
the sample tube was set to about 60000 Pa.

It was confirmed that in the 1mitial state of absorption, the
absorbing rate was fast to provide a high activity, even though
the mitial pressure was low, in comparison with Example I-1.

FIG. 3 shows a relationship between time and pressure
variation when oxygen was introduced so that the mnside of
the sample tube was set to about 60000 Pa.

Ambient air (63% 1n humidity) was introduced into the
sample tube through the first valve 5 so as to be set to about
55000 Pa. FIG. 4 shows the relationship between time and
pressure at this time.

Moreover, 1 order to measure the amount of absorption,
the gas-absorbing substance (LL1i—Al,O,) was evaluated on
the nitrogen-oxygen absorption amount by using an
Autosorb-1-C made by Quantachrome Corporation.

Through the evaluation of the nitrogen absorption amount,

it was confirmed that the amount of nitrogen absorption was
21.98 cm®/gSTP under about 5300 Pa, and was 30.45 cm®/

gSTP under about 92000 Pa. Through the evaluation of the
oxygen absorption amount, it was confirmed that the amount

of oxygen absorption was 1.99 cm”/gSTP under about 900 Pa,
and was 6.31 cm”/gSTP under about 92000 Pa.

EXAMPLE

I-3

MgO was used as a solid material. L1 (1 mole) and MgO (2
moles) were mixed through a mechanical alloying process by
using a vibration ball mill 1n which stainless balls were used
so that a gas-absorbing substance (Li—MgQO) was obtained.
The hardness of MgO is 5.6, and the density is 3.6 g/cm”.

It was confirmed that at least one portion of L1 was formed
into particles of 1 mm or less.

The gas-absorbing substance (Li—MgQO) was tightly
enclosed 1n a sample tube 3 1n an Ar atmosphere, and the
absorbing characteristic thereof was evaluated by using an
absorption-material-evaluating device 1 in the same manner
as Example I-1.

FIG. 5 shows a relationship between time and pressure
when mitrogen was introduced so that the mnside of the sample
tube was set to about 60000 Pa.

FIG. 6 shows a relationship between time and pressure
when a mixed air containing about 80% of nitrogen and about
20% of oxygen was introduced so that the inside of the sample
tube was set to about 65000 Pa.

FIG. 7 shows a relationship between time and pressure
variation when nitrogen was introduced so that the mside of
the sample tube was filled with nitrogen of about 310 Pa.
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As shown in FIG. 7, the pressure became 50 Pa in about 6.5
minutes and had a tendency to further drop.

Moreover, 1n order to measure the amount of absorption,
the gas-absorbing substance (LL1—MgQO) was evaluated on the
nitrogen-oxygen absorption amount by using an Autosorb-
1-C made by Quantachrome Corporation.

Through the evaluation of the nitrogen absorption amount,
it was confirmed that the amount of nitrogen absorption was

5.44 cm”/gSTP under about 45 Pa, and was 26.64 cm”/gSTP

under about 92000 Pa. Through the evaluation of the oxygen
absorption amount, 1t was confirmed that the amount of oxy-

gen absorption was 1.94 cm>/gSTP under about 45 Pa, and
was 11.93 cm”/gSTP under about 92000 Pa.

EXAMPLE I-4

MgO was used as a solid material. L1 (1 mole) and MgO (1
mole) were mixed through a mechanical alloying process by
using a vibration ball mill 1n which stainless balls were used
so that a gas-absorbing substance (L1—MgQO) was obtained.

The gas-absorbing substance (Li—MgO) was tightly
enclosed 1n a sample tube 3 in an Ar atmosphere, and the
absorbing characteristic thereol was evaluated by using an
absorption-material-evaluating device 1 1n the same manner
as Example I-1.

FIG. 8 shows a relationship between time and pressure
when nitrogen was introduced so that the inside of the sample
tube was set to about 96000 Pa.

It was confirmed that simultaneously as exposure to nitro-
gen, the substance absorbed nitrogen quickly.

EXAMPLE I-5

S10, was used as a solid matenal. L1 (1 mole) and S10, (3
moles) were mixed through a mechanical alloying process by
using a planetary ball mill in which stainless balls were used,
in an Ar atmosphere so that a gas-absorbing substance (L1i—
S10,) was obtained. The hardness of S10, 1s 6.5, and the
density is 2.3 g/cm”.

By mixing through the mechanical alloying process, the
two kinds of substances are mixed on nano-levels at the

interface thereof; thus, it 1s considered that the two kinds of

substances are atomically mixed at the interface thereof.
The gas-absorbing substance (L1i—S10,) was tightly
enclosed in a container having a capacity of 20 cm?, and the

container was evacuated into vacuum, and when the inside of

the container was then set to a nitrogen atmosphere of about
0.05 MPa, the atmospheric pressure became 15 Pa from 0.05
MPa.

At this time, the gas-absorbing substance (L1—S10,)
absorbed nitrogen of about 12 cm™ per 1 g.

The {following description will discuss Comparative

Examples to the gas-absorbing substance of Embodiment 1 of

the present invention.

COMPARATIVE EXAMPLE I-1

An attempt was made to carry out a mechanical alloying
process on pure L1 substance as the gas-absorbing substance;
however, the substance, as 1t was, was not uniformly segmen-
talized by the mechanical alloying process.

COMPARAITIVE EXAMPLE I-2

By using L1 having a particle size of about 1 cm as the
gas-absorbing substance, the absorbing characteristic of Li
was evaluated. The 1nside of the sample tube was set to about
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80000 Pa of nitrogen. As a result, the pressure started to
decrease alter a lapse of 2 hours.

COMPARAITIVE EXAMPLE I-3

L1 (1 mole) and Au (5 moles) were subjected to the
mechanical alloying process as a gas-absorbing substance;
however, these were not segmentalized unmiformly. The hard-
ness of Au is 2.5, and the density thereof is 19.3 g/cm”.

The absorbing characteristic was evaluated by the absorp-
tion-material-evaluating device 1 in the same method as
Example I-1. When the inside of the sample tube was set to a
nitrogen atmosphere at about 50000 Pa, the atmospheric pres-
sure was slightly reduced; however, a large-scale reduction
was not observed.

Embodiment 2
(Gas-Absorbing Alloy

The gas-absorbing alloy of the present invention 1s com-
posed of metal a and metal b of two kinds. These metals are
the ones that cause no adverse effects on the environment, etc.

Examples 11-1 and 1I-2 show the results of evaluation on
gas-absorbing alloys formed by changing the kinds of metals.
The evaluation was carried out by placing each of the gas-
absorbing alloys still standing 1n a tightly-closed system
under a nitrogen atmosphere of about 0.08 MPa so that the
pressure variation in the system was observed.

EXAMPLE II-1

Mg was used as metal a and T1 was used as metal b. Mg and
T1 were mixed through a mechanical alloying process by
using a ball mill 1n an Ar atmosphere.

The mixing enthalpy was confirmed to be greater than O
from the shape of phase diagram of Mg—T1 of FIG. 9.

Normally, these metals fail to interact with each other even
if the temperature 1s raised; however, these are forced to be
mixed with each other by using the mechanical alloying pro-
cess. It 1s considered that these can be mixed with each other
because the metals are mixed with each other on nano-levels
at the interface of the two kinds of metals so that the two kinds
of metals are atomically mixed at the mtertace.

When Mg—Tiwas placed still in a tightly-closed system 1n
a nitrogen atmosphere of about 0.08 MPa, the atmospheric
pressure was decreased from 0.08 MPa to 10 Pa.

EXAMPLE II-2

L1 was used as metal a and Fe was used as metal b. L1 and
Fe were mixed through a mechanical alloying process by
using a ball mill 1n an Ar atmosphere.

The mixing enthalpy was confirmed to be greater than O
from the shape of phase diagram of L1i—Fe of FIG. 10.

Normally, these metals fail to interact with each other even
i the temperature 1s raised; however, these are allowed to be
mixed with each other by using the mechanical alloying pro-
CEesS.

When Li—Fe was placed still in a tightly-closed system 1n
a nitrogen atmosphere of about 0.08 MPa, the atmospheric
pressure was changed from 0.08 MPa to 6 Pa.

The following description will discuss Comparative
Example to the gas-absorbing alloy of Embodiment 2 of the
present invention.

COMPARAIIVE EXAMPLE I11-1

A Ni1—T1 alloy was used as an alloy for a Comparative
Example. N1 and T1 were mixed through a mechanical alloy-
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ing process by using a ball mill in an Ar atmosphere. FIG. 11
shows phase diagram of Ni—Ti. FIG. 11 indicates that the
N1—T1 alloy forms an intermetallic compound.

When N1—T1 was placed still 1n a tightly-closed system in
a nitrogen atmosphere of about 0.08 MPa, virtually no pres-
sure reduction occurred.

INDUSTRIAL APPLICABILITY

As described above, the gas-absorbing substance etc. in
accordance with the present invention has a high gas-absorb-
ing activity and, in particular, exerts a high absorbing function
on nitrogen or oxygen so that it can be applied to various
fields, such as removing gas from a fluorescent light, main-
taining vacuum upon heat insulating or the like, eliminating,
trace gases from a rare gas, and separating gases.

The mvention claimed 1s:

1. A gas-absorbing substance, comprising;:

at least lithtum metal and a solid material having a hardness
of 5 or more selected from the group consisting of S1, B,
c-C (diamond), S10, ¢c-BN (cubic boron nitride), Al,O;,
MgO and T10,,
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said gas-absorbing substance not containing Ba and
absorbing at least nitrogen and/or oxygen at 25° C. under
normal pressure,

wherein at least the lithium metal and one portion of the
solid material are atomically mixed.

2. The gas-absorbing substance according to claim 1,

wherein the solid material contains at least an oxide.
3. The gas-absorbing substance according to claim 1,

wherein at least one portion of L1 1s made to have a particle
s1ize of 1 mm or less.
4. The gas-absorbing substance according to claim 1,
wherein
at least and the solid maternal are mixed through a mechani-
cal alloying process.
5. A gas-absorbing substance comprising:
at least lithium metal and a solid maternial having a hardness
of 5 or more and a density of 4 g/cm” at 25° C.,
said gas-absorbing substance not containing Ba and being
capable of absorbing 5 cm’/g or more of nitrogen under
normal pressure,
wherein at least the lithium metal and one portion of the
solid matenal are atomically mixed.
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